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Thi s paper presents results froman investigation of the
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of client plants. Previous econonetric studies of manufacturing
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services and performance inprovenents. In turn, this makes it
difficult to attribute performance inprovenents to the receipt of
extension services. In this paper, | use a panel of client and

nonclient plants to nore carefully analyze the dynam cs of
extension and productivity. The results suggest that the timng
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consistent wwth a positive inpact of manufacturing extension.
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| NTRODUCTI ON

In recent years, a consortiumof state, |local and federa
agenci es have created a nationw de network of manufacturing
extension centers designed to help the nation’s 380,000 snmall and
medi um si zed manufacturers (SMES) inprove productivity and becone
nore conpetitive. The prem se behind manufacturing extension is
that smaller manufacturers have failed to adopt nodern production
t echnol ogi es and busi ness practices at the sanme rate as their
| arger counterparts. Proponents of manufacturing extension argue
that this explains the persistent performance gap between snal
and | arge manufacturers (see National Research Council, 1993).
Because SMEs forman inportant link in the supply chain, they
further argue that this performance gap hinders the gl obal
conpetitiveness of the entire U S. manufacturing sector.
Manuf act uri ng extension centers are intended to provide SVMES with
unbi ased i nformati on on nodern technol ogi es and busi ness
practices that the market has failed to deliver.

As the nane suggests, manufacturing extension is nodel ed
| oosely on agricultural extension. Locally based manufacturing
extension centers perform education and outreach nuch |ike county
extensi on agents do. Follow ng an assessnent of a plant’s needs,

a center mght then contract wiwth the plant to provide technical



or business assistance,! or it may direct the plant to
consultants or vendors that can help the plant. Even though they
are part of a nationw de network, the operation of individual
centers varies greatly.

Federal support for manufacturing extension is handl ed
through the National Institute of Standards and Technol ogy’s
(NI ST) Manufacturing Extension Partnership (MEP). Several states
have operated extension centers for decades. However, the
creation of the MEP in 1989 spurred rapid growmh in
manuf act uri ng extensi on prograns around the country.? In 1995,
federal support for manufacturing extension was $138.4 mllion,
up from$6.1 mllion in 1988 (see GAOQ, 1995). Since federal
support nust be at |east matched by state and | ocal funds, total
expendi tures on manufacturing extension activities in the U S
are much | arger

Naturally, in this time of tight budgets, policymkers want
to know if the tax dollars spent on progranms, such as
manuf act uri ng extensi on, produce the desired benefits. As part
of its enabling legislation, NIST/MEP was directed to eval uate
its activities and denonstrate their effectiveness. Although

several papers (see Jarmn, forthcom ng, Shapira and Youti e,

! Typical services provided by centers include changes in plant |ayout,

process redesign, software selection, preparing plants for |SO 9000
certification and marketing assistance. See N ST (1997) for a collection of
case studi es about individual projects.

2 See Feller, 1997, GAQO 1995 and National Research Council, 1993 for
nore details about the devel opment of manufacturing extension prograns.
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1997, and Nexus Associ ates, 1986) denonstrate that client status
is associated with increases in productivity, none have shown
t hat extension services caused these increases.?

The problemis that researchers never observe what a client
pl ant woul d have done had it not received assistance froma
manuf acturi ng extension center. Thus, researchers nust try to
replicate this experinent, albeit inperfectly, by either
conparing client performance before and after receiving services
or by conparing the performance of client plants to a control
groups of nonclient plants. Unfortunately, we can not observe
and control for all of the factors that, in addition to
participating in manufacturing extension, influence plant
performance. |[|f some of these unobserved factors (e.g.,
managerial quality) are correlated with client status, then
typi cal neasures of programinpact nay be biased. This problem
is typical in cases where participants are allowed to “self
select” into the program bei ng eval uat ed.

The best way to get around this problemis to randomy
assign plants to treatnent (i.e., those that receive extension
services) and control groups. |If this is done, then we can
reasonably assune that the only systematic difference between the

two groups is client status,

® See Jarmin and Jensen (1997), Shapira, Youtie and Roessner (1996) and

Feller, Gasmer and Mark (1996) for surveys of studies evaluating
manuf act uri ng ext ensi on.



and can then conclude that any observed differences in their
performance nmust be attributable to program participation

Unfortunately, controlled random zed experinments are often
not a feasible option for evaluating prograns, such as
manuf act uri ng extension. Therefore, we nust use nonexperi nental
data. There is a large literature, especially in the area of job
training, that discusses evaluating progranms w th nonexperi nental
data (see Heckman and Robb, 1985 and Heckman et. al., 1987).

This literature highlights several nethods used to obtain
selection bias free estimates of programinpacts. These include:
i) using instrunmental variables, ii) making functional form
assunptions or iii) making error structure assunptions. |In cases
where panel data are available, the nost widely used solution is
to assunme that the error structure in nodels of program i npact
have permanent and transitory conponents. The permanent
conponent is an individual or plant fixed effect. The assunption
is that the unobserved variables (e.g., ability in individuals
and managerial ability in plants) causing the selection bias are
fixed over tinme for individuals and plants.

Luria and Warda (1986), Nexus Associ ates (1986), and
Shapira and Youtie (1997) have enployed fixed effect (difference)
estimators and Jarm n (forthcom ng) has used both fixed effects
and instrunental variable approaches to estimte the inpact of

manuf act uri ng extension on client productivity. However, none



of these studies had nore than two tinme series observations per
pl ant .

This raises two i ssues concerning the robustness of the
results of these studies, which generally find a positive
associ ati on between manufacturing extension and inproved pl ant
performance. Nanely, fixed effects estinators are nost effective
in controlling for unobserved heterogeneity when there are
several tine series observations per plant. Second, the current
studi es do not deal adequately with the issue of the timng of
performance i nprovenents relative to the receipt of services.

For exanple, Jarmn (forthcom ng) finds evidence that
manuf act uri ng extension clients exhibited nore productivity
growt h between 1987 and 1992 than did non-clients controlling for
a nunber of a factors including selection bias. Wat is not
known i s when the performance inprovenents occurred. |f they
happened towards the begi nning of the period, before nost client
pl ants received assistance, then it is very likely that the
estimated i npact of manufacturing extension services i S spurious.

For this paper, | constructed a panel data set w th annual
data for 726 client and 5818 nonclient plants from 1987 to 1993
and | use it to conpare the productivity dynamcs of clients and
nonclients. The |longer panel allows ne to nore fully control for
unobserved differences (e.g., managerial ability) between client

and nonclient plants that may bias estimtes of program i npact.



The panel data set also permts a nore careful analysis of the
relative timng of service provision and performance

i nprovenents. The results indicate positive programinpacts with
estimates that lie within the range of those from previous

st udi es.

1. DATA

The data used here are from2 sources. First plant |evel
production data are taken fromthe Census Bureau’ s Longitudi nal
Research Dat abase (LRD). The LRD is constructed by |inking plant
| evel data fromthe Censuses and Annual Surveys of Manufactures.?
Due to its conprehensive and | ongi tudinal nature, the LRD is,
per haps, the best data set available for evaluating the inpact of
gover nment progranms on manufacturing establishnments. Second,
manuf act uri ng extension client data cone from ni ne manufacturing
extension centers located in three states. N ST/ MEP arranged to
have these centers provide client records on a confidenti al
basi s.

Al the primary data itens used in the analysis below are
taken fromthe LRD. The client records are used to identify

whi ch plants in the LRD received extension services and when. To

4 The LRD and other micro data sets are housed at the Census Bureau’s

Center for Economic Studies (CES). These data are confidential and can be
accessed only by Special Sworn Enpl oyees (not necessarily Census Bureau

enpl oyees) at CES or at Research Data Centers in Boston or Pittsburgh. Jarmn
(forthcom ng) al so uses the LRD to anal yze the inpact of nanufacturing

ext ensi on.



identify extension clients in the LRD, | matched client records
to the Standard Statistical Establishnment List (SSEL) using
nanmes, addresses and other information shared across the two data
sets®. The nine extension centers provided just under 12,000
project level records from4, 185 establishnments. | was able to
match 2,977 (or 71.1% of these establishnments to the LRD (via

t he SSEL).

In order to conpare the productivity dynam cs of extension
clients to nonclients, | exam ne a panel of plants that were in
the LRD in 1987 and each year of the 1989 to 1993 ASM panel .® In
the three states, in which the nine extension centers operate,
there are 5818 nonclient plants that neet this requirenent.

Al so, 726 client plants neet this and the additional requirenent
that they had conpleted at | east one project before the end of
1993. Approximately 69.3% of client and 63. 3% of noncli ent

pl ants al so appear in the LRD in 1988.

Restricting attention to plants in the LRD wth annual data
yields a sanple that is not representative of either the client
or nonclient establishnment popul ations. The plants examned in

this paper are considerably | arger and nore productive than the

® For nore details on the matching process see Jarnin (forthcom ng).

The SSEL is used since the LRD does not contain nanes and addresses for
mat ching. The LRD and the SSEL share common establishnent identifiers that
facilitate linking the matched client records to the LRD

® The ASMis a rotating five year panel. Al plants with nore the 250
enpl oyees are included in the ASMwith certainty. A probability sanple of
smal |l er establishnments is also surveyed. However, noncertainty plants can not
be selected in to consecutive ASM panel s.
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average plant. Thus, one should be careful to note that
estimates of program i npact obtained fromthis sanple may differ
fromwhat would be obtained if we had simlar data for the entire
manuf acturi ng establishnment universe. This is not a critical
probl em however, since estimating the overall inpact of

manuf acturing extension is not the goal of this paper. Recall,
the primary goals of this analysis are to conpare alternative
fixed effects estimators and to exanmine the timng of performance
i nprovenents relative to the receipt of program services.

believe that the data set used here is the best one currently

avai |l abl e for these purposes.

I11. Enpirical Mdel and Descriptive Results
The general enpirical framework for exam ning the inpact of
extension services on the productivity dynamcs of client plants

is the follow ng production function

Yi = EXty, Ky Ly My 1 €) (1)

where i and t index plants and years, respectively. Qutput, Y,
is measured in the LRD as the total value of shipnents adjusted
for changes in inventories and deflated using 4 digit NBER

deflators’, Mis material and energy inputs (also deflated by 4

" See Bartelsman and Gray (1995) for a description of the NBER
def | at ors.



digit deflators), Kis the capital stock constructed using the
perpetual inventory nethod, L is the total nunber of enployees
and g is an error term

Client status is nmeasured by Ext;;. In previous studies of
manuf acturi ng extension client status was neasured sinply as a
dummy vari abl e that indicated whether a given plant is a client
or not.® This neasure is appropriate when the data are linted
to one observation pre-extension and one observati on post-
extension. In the present case, however, nultiple observations
are available for client plants both before and after they
participate in the program A sinple client dumy woul d,
therefore, inpart client status to nany plant year observations
that predate program participation. The project records provided
by the extension centers include the start and end dates of each
project. Thus, | can tell whether a plant partipated in
manuf act uri ng extension during any given year. | use this
information to construct ny neasures of client status.

The principal extension variable used belowis a dumy that
equal s one for all plant year observations for years greater than
or equal to the year the plant first participated in extension

and zero otherwise.® That is Ext;;, = 1 if plant i is or was a

8 An exception is Nexus Associates (1996) where neasure of dosage are
used.

® ne night also like to investigate whether the inpact of extension
services on client productivity varies according to the “dosage” received.
Thus, one could use nmeasures of intensity of the projects (e.g., hours of
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client in years s#t. | also construct a series of dunm es
(described below) that neasure tinme relative to when plants
recei ve extension services. Al of these neasures vary over
time, whereas those used in previous studied did not.

Wthin the framework gi ven by equation (1), | estimate the
i npact of extension services on both |abor and total factor
productivity (TFP). Labor productivity is defined as real value
added® per worker. TFP is defined in the conventional way as

P, - Tt
it (2)

B;, n; Vi.
’(if Lit Mit

The weights in the TFP cal cul ation are coefficients fromthe
regression of log(Y) on log(K), log(L) and | og(M.
A Descriptive Results

Table 1 provides summary statistics for the nain variabl es
used in the analysis below. The plants identified as clients
are, on average, |larger and nore productive than nonclient
plants. Also included in the table are sone descriptive
statistics on the treatnents received by a subset of client

pl ants for which such data are avail able. These nunbers are

extension center time, project related investnments and so on) rather than
dunmmy variables indicating client status. Unfortunately, | do not have
conpar abl e data on variables of this type fromall the centers.

1 Real value added is neasured as shipnents adjusted for changes in
i nventories and deflated m nus deflated materials and energy costs.
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conputed fromwhat the centers report as the conbined center and
client resources used for individual projects. Table 1 lists
bot h average annual project costs and the average total project
costs incurred at client plants in the 1987 to 1993 peri od.
Conparing the magnitude of the resources associated with
extension projects obtained fromthe client records to the |levels
of capital investnent at client plants obtained fromthe LRD
shows that these projects are relatively small. On average, the
annual val ue of extension projects are around 3% of the val ue of
capital investnent at client plants.

Figure 1 shows the timng of the services received by the
extension clients examned in this paper. Just over half of the
clients participated in manufacturing extension before 1990 and
90% had been served by 1992 (by definition, all had been served
by 1993). Guven figure 1, if we were to observe nost of the
performance i nprovenent at client plants occurring towards the
begi nning of this period, we would seriously question whet her
ext ensi on services had any role.

Figures 2 and 3 show how the productivity performance of
client plants relative to 4 digit SIC industry averages evol ved
over the period from 1987 to 1993. Figure 2 depicts the relative
| evel and the one and three year growh rates of | abor
productivity and figure 3 provides the sane information for TFP.

In both cases we see that, on average, client plants nove up

11



their industry productivity distributions over this tinme period.
Further, nost of this change occurs after 1990 and, thus, is at
| east consistent wth a positive inpact of manufacturing
extension services. It also appears that productivity growth
rates increase relative to industry averages over this period
especially for |abor productivity.?!

Finally, figure 4 show how client plant characteristics
change relative to when they receive extension services. Cient
pl ant characteristics are neasured as percent deviations from
pl ant nmeans, after sweeping out state-industry-year effects, from
two years prior to receiving services until tw years after. The
i ncl uded characteristics are val ue added per worker, TFP,

i nvestment and enpl oynent.

The nost striking feature of figure 4 is the increase in
investnment at client plants in the years during and i nmedi ately
after participating in manufacturing extension. Labor
productivity is also up sharply in the year after taking part in
the program This increase appears to be short |lived. However,
nost client plants had not conpleted their participation in the
program before the end of 1991. This inplies that nost do not
have any valid observations for two years after participation.

The results for two years after apply to a subset clients and may

' Note that, since a large nunber of small plants are nissing fromthe
panel in 1988, the peaks in the one year growth rates (1%t differences) and
the troughs in the one and three year growth rates at 1989 and 1990,
respectively, are outliers.
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log(TFP), = o + BExt, + &, ()

not accurately represent all client plants and , therefore,
shoul d be viewed wi th caution.
B. Econonetric Model s

To nore rigorously test whether extension services had any
i npact on the inproved rel ative performance of client plants,
estimate several regressions, all of which are variants of the

foll ow ng two nodel s
VA K
IOQ(T),} = oy + OEXt, + BIOQ(T),'t + (- Dlog(L); + & (3)
where the intercept termfor both nodels can be witten as

Ay = o + 27: p,Year", + Y 8IND/; + 23: b States, + Y, Y Y E"Year" JND/State;  (5)
=1 j s=1 T j s
to control for year, industry and state effects. The paraneter,
*, on the extension variable (Ext) neasures the inpact of
extensi on services on productivity.
One of the main concerns in trying estimte the program
i npact paraneter, *, is that
unobserved vari abl es that influence productivity, such as

managerial quality, may be correlated with client status (i.e.,
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E(Ext;,g;,)00). In this case, estinmates of program inpact may be
bi ased. By maki ng assunptions about the nature of the unobserved
variables, it is possible to estimte selection bias free program
i npact paranmeters. In this situation, researchers often assune
that the error termin equations, such as (3) and (4), has both
per manent and transitory conponents such that g, = g + I;; where
E(:{) = 0 and E(Ext;;z;;) = 0 . The permanent conponent controls
for plant fixed effects. In the current setting, this assunption
i's equivalent to assum ng that unobserved tinme invariant plant
characteristics, such as nmanagerial quality, are the source of
the selection bias. Nanely, plants with high quality, aggressive
managenent are nore likely to participate in prograns such as
manuf act uri ng extensi on.

G ven this error structure, unbiased estimtes of the
program i npact paraneter, *, can be obtained by using fixed
effect estimators. Below | estimate a nunber of fixed effect
nmodel s of (3) and (4) using within, difference and growh rate

esti mat or s.

V. EMPIRICAL RESULTS

In this section, |I discuss the results of several
regressions estimating the nodels given in equations (3) and (4).
Tables 2 through 5 list estimates fromlevel, within and

di fference specifications. Table 6 contains results fromgrowh
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rate specifications and table 7 lists estimates fromregressions
that conpare the timng of performance inprovenents relative to
participation in the program

A Basi ¢ Regressions

Tables 2 through 5 contain a variety of specifications of
the basic nodels in equation (3) and (4). Table 2 provides
estimates from CLS regressions on the |evels of the two nodels,
whereas tables 3 through 5 provide within and difference
estimates. In all these regressions, the extension variable is a
dummy that equals one if the plant is currently, or has been, an
extension client and zero otherwise. Notes at the feet of the
tabl es explain the specification of each regression in nore
detail. The discussion here will focus on the estinmates of the
coefficient, * on the extension variable.

The | evel and one year difference estimates (tables 2 and 4)
suggest that manufacturing extension did not affect the | abor or
total factor productivity of client plants. However, the within
and three year difference results indicate the extension does
have an inpact on | abor productivity. These estinates suggest
t hat val ue added per worker is between 2.5 and 5.9% hi gher for
pl ant/year observations occurring after participation in
manuf acturing extension than it is for plant/year observations
for nonclients and clients prior to participation.

The high estimate conmes froma regression where the

15



extension variable is interacted wwth year dumnmes. That is, |
control for the year(s) in which extension services were

recei ved.

Controlling for the year that extension services were provided
typically increases the estimated i npact of extension. In
general, the pattern on these interaction terns suggests that
services received in the |ast few years of the period have a

| arger inpact. This may be consistent wth | earning by doing
(i.e., providing better assistance as the cunul ati ve nunber of
projects increases) at the extension centers. To save space,
do not report the estinmated coefficients on these interaction
termas they are typically inprecisely estimated and are not the
focus of this paper.

The results fromthe level regressions, in table 2, indicate
t hat plant year observations for clients after participating in
the program are no nore productive that those for nonclients and
clients prior to participation. These results show that the
hi gher productivity of client plants observed in table 1
di sappears after controlling for other factors.

The results fromthe one year difference regressions in
table 4 are difficult to interpret. Taking differences can
decrease the signal to noise ratio and bias coefficient estimates
towards zero (see Giliches and Hausman, 1986). Taking | onger

di fferences can help alleviate the problem |Indeed, the three
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year difference estimates of programinpact in table 5 are higher
than the one year difference estimates in every case.

Anot her reason that difference estimators, particularly in
the case of one year differences, are problematic in this case is
due to the nature of the extension variable. Recall that the
extension variable is a dutmmy that is set to one in the first
period that a plant becones an extension client and in all
subsequent periods and is zero otherwse. That is, in |evel
conparisons, the estimate of * nmeasures the nean difference
between client plants after receiving extension services and al
plants prior to receiving services. The conparison group
contains both plants that are never clients during the period
under study and those plant/year observations for client plants
prior to participation in extension prograns. |In the difference
specification, the estimte of the extension variabl e neasures
the inpact of the change in client status on the change in
productivity. Guven its definition, there is nmuch |ess variation
left in the extension variable after differencing than there was
before. This is especially true in the case of one year
di fferences. For exanple, take the case of plant that
participates in the programin 1990. The |evel extension
vari able for such a plant would equal one from 1990 on, and zero
otherwi se. The one year difference of the extension variable is

non-zero for only one year (EXxt,q- Ext;g=1).
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In all the regressions in tables 2 through 5, the estimated
inmpact in TFP is much smaller than that for |abor productivity
and it is never statistically significant. This due, nost
likely, to measurenent error in materials. One could
alternatively define TFP as the ratio of value added to capita
and | abor, appropriately weighted. In regressions not reported
here, | estimate the inpact of extension on the val ue added
definition of TFP and found results very simlar to the | abor
productivity results.

B. G owm h Rate Regressions

Wil e policymakers may be interested in how the change in
client status effects productivity growth, they are probably nore
interested in how client status itself inpacts productivity
growh. That is, they would Iike to know if productivity growh
is higher at client plants after they have participated in
manuf acturing extension. To examne this issue, | slightly alter
the specification of the difference estimators in tables 4 and 5
by replacing the differenced extension variable with the | evel
extension variable (e.g., | use Ext;, rather than Ext;,- Ext;,.,).

Results fromthese growh rate regression are listed in
table 6. The extension variable here nmeasures the percent
di fference between the rate of productivity growh at client
plants after they participated in the program and that of al

pl ants before participation. Statistically and economcally
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significant inpacts are found for the three year growth rate of

| abor productivity and the one year growh rate of TFP.
Econom cal ly inportant but statistically insignificant inpacts
are estimated for annual |abor productivity growh and three year

TFP

gr owt h. Thus, productivity growmh is enhanced at plants that
have participated in manufacturing extension.
C. Ti m ng Regressions

One of the key advantages to the | onger panel used in this
study is increased flexibility in specifying the extension
vari abl e. Concern about sel ection issues pervades the program
evaluation literature. The various difference, within and growh
rate regressions used so far are ways to take advantage of panel
data to control for selection problens. Another way to exploit
panel data to control for selection bias involves specifying the
program participation variable(s) to esti mate baseli ne nagnitudes
of productivity or productivity gromh at client plants. The
idea is that, if the estinmated extension variable in equations
(3) and (4) is positive sinply because superior performng plants
self select into the program then putting in dummes for client
plants for the years inmmedi ately before their participation in
t he program should sweep this effect out. If the estimted

coefficients on these dumm es are positive and significant, then
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we have evidence that client plants were perform ng better than
nonclients even before they participated in the program

The first, second, fifth and sixth colums of Table 7
contain regressions where this is done. The variables One and
Two Years Prior are dummes for client plants one and two years,
respectively, before they participated in manufacturing
extension. The regressions use the within specification with
dumm es for state-industry-year (interacted) effects. The
estimates on the one and two year prior variables are positive in
three of the four case, but never significantly different from
zero. The coefficient on the extension variable still indicates
positive and significant inpacts of program participation on
| abor productivity. The estimted inpact on TFP is al so positive

but measured inprecisely.

Finally, | exploit the panel data even further by | ooking at
the performance of client plants before, during and after
participation in manufacturing extension. Recall that figure 4
indicated that client plants appear to investnment nore in the
years during and inmedi ately after receiving extension services
and that |abor productivity is higher one year after receiving
services. Table 7 contains results that are qualitatively
simlar to the situation depicted in figure 4.

The inpact is concentrated in the years during or the year

20



i medi ately after participation. Unfortunately, only just over a
third of the 726 client plants included in this analysis had any
observations two or nore years after participating in
manuf act uri ng extension prograns. Therefore, one should view the
results suggesting that the inpact of extension services on the
productivity of client plants is short lived cautiously . More
rigorous testing of the duration of the effect on extension
services nust wait until a | onger panel can be assenbl ed.
Neverthel ess, the nmain result to take away fromthe regressions
in table 7 is that the extension clients performbetter in the
periods during and after receiving extension services. This
finding is, at |least, consistent with the notion that these

services help plants becone nore productive.

V. CONCLUSI ONS

Eval uating the inpact of progranms, such as manufacturing
extension, with nonexperinental data is difficult. Appropriate
data are typically scarce and what data there are usually do not
cover the entire program Thus, it is unlikely that any one
study can provide definitive evidence of program effectiveness,
or the lack of it. This paper is no exception.

In this paper, | used a bal anced panel of extension clients
and a control group of nonclient plants to explore two weaknesses

of previous enpirical work in this area. First, | assessed the
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robustness of previous estimates of programinpact using a
variety of fixed effects and growh rate estimators. Then,

exam ned the timng of performance inprovenents at client plants
relative to when they received extension services to see if it is
reasonable to infer that program participation played a role.

The main conclusions fromthe anal ysis above are the
followwng. i) Estimated programinpacts are sensitive to node
specification. Positive programinpacts on |abor productivity
are found for the within, three year difference and three year
growh rate specifications. 1ii) The estimated inpact on TFP is
smal l er than that for |abor productivity and is statistically
significant only in only a couple regressions. However, as was
pointed out in the text, this is due nostly to neasurenent
problenms with materials. iii) The range of estimates for program
inpact in this analysis is simlar to those obtained in previous
studies. This suggests that selection bias in previous estimates
may not be too severe. iv) Finally, the results in table 7 and
figure 4 provide very conpelling evidence that the timng of
performance i nprovenents is consistent wth positive inpacts of
participating in manufacturing extension.

However, sone interesting outstanding issues remain for
future studies. First, sone of the estimates suggest that the
benefits to client plants of participating in extension can be

quite large. Just doing sonme rough cal cul ati ons suggests that an
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increase in |abor productivity at client plants of 2.5% after
extension, will lead to an average increase in val ue added of
just over $270,000. G ven what we know about the magnitude of
the investnents in extension projects, this suggests returns
greater than 2 to 1*2. Higher estimates inply even higher
returns. The estimates of programinpact reported in this paper
are simlar in magnitude to those found in previous studies and
the inplied returns have been cited in case studies (see N ST,
1997). However, is it appropriate to attribute all the
performance i nprovenents observed at client plants to program
participation when the extension projects account for only a
smal | portion of investnent at these plants? Perhaps the best
way try to sort out the inpact of extension from other
productivity enhancing activities at client plants is to repl ace
the dumy client indicators used here and in nost other studies
Wi th continuous project dosage neasures. This would allow
researchers to obtain estimates of the value of another dollar
devoted to extension, rather than the value of being a client.
Such a dataset is not currently available, but should be within a

coupl e of years.

2 Fromtable 1, an increase in log(VA'L) of 2.5%leads to an increase
in VAV L of $1339. At a plant with 202 workers (the geonetric mean) this
inplies an increase in VA of $271,218. The range of investnment cones fromthe
$107,096 reported by a subset of centers to $142,162 whi ch conbi nes the non-
client financed portion ($64,041) reported by the centers plus the estinated
increase in client investment fromfigure 4 (6.2%in active year(s) and 8%in
the years after participation) which works out to approxi mately $78, 758.
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Second, nore work needs to be done to determ ne how | ong the
benefits of participation in manufacturing extension prograns
persist. There is sonme very weak and prelimnary evidence here
t hat suggests that the benefits, while large, do not extend
beyond one year after the receipt of services. A longer panel is
needed, however, before we can reliably assess the duration of

program i npacts.
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Table 1
Descriptive Statistics
(Means by Client Status)

Clients Nonclients
Number of Plants 726 5818
Number of Obs 4859 38589
Shipments $60,722" $45,178"
Value Added (VA) $29,668" $20,887"
log(VA) 9.318 8.748
Total Employment (L) 358.8 256.6
log(L) 5.311 4,762
Capital Stock (K) $24,459" $18,350"
log(K/L) 3.622 3.587
Materials and Energy  $31,054' $24,290"
(M)
log(M/L) 3.832 3.941
Investment $2,182" $1,435"
log (Investment) 6.282 5.620
Annual Project Costs $67,908"" -
log(Annual Project 9.391 -
Costs)
Total Project Costs $107,096'" -
log(Total Project Costs) 9.854 -
log(VAI/L) 4.008 3.984
loq(TEP) 2.204 2216

Notes: Data are from the LRD (Annual Survey of Manufactures). Shipments are
adjusted for changes in inventories and deflated using 4 digit SIC NBER
deflators. Materials and energy is the sum of the cost of parts and materials,
the cost of resales and the cost of contract work all deflated by 4 digit NBER
materials deflators, plus the sum of the cost of fuels and electricity deflated by 4
digit NBER energy deflators. The capital stock is computed using the book
value of machinery and structures in 1987 and annual data on investment in
new and used machinery and structures (deflated by 4 digit NBER investment
deflators) to compute stocks from 1988 to 1993 using the perpetual inventory
method, where the depreciation rate in assumed to be the average of the
reported depreciation rates for each plant in 1987 and 1992 (i.e., for each year
the depreciation rate equals total depreciation divided by total book value).
Value added is real shipments less real materials and energy. TFP is computed
as shown in the text.

" denotes values x$1000 (1992 values).
' Data of project costs are available for 399 client plants from 7 of the 9
centers. The reported “project costs” are the sum of i) provider costs including
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cash grants or loans provided by the center, ii) center personnel costs, iii) inkind
outlays by the client, iv) client fees and v) client investments in plant, equipment
and training. Annual costs reflect the costs of all projects done at a plant in a
given year. Total costs are the costs of all projects done a plant in the 1987-
1993 period.
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Table 2

Level Regressions

Dependent Variable Log(VA/L) Log(TEP)
Ext. -.003 -0.017 0.011 -0.014™ -0.016" -0.006
(0.014) (0.013) (0.025) (0.007) (0.007) (0.013)
Log(KI/L) 0.368" 0.263" 0.263"
(0.003) (0.004) (0.004)
Log(L) -0.002 0.011° 0.011°
(0.003) (0.003) (0.003)
Dummies No Yes Yes No Yes Yes
Ext*Year No No Yes No No Yes
N 42560 42600 42600 43060 43060 43060
D.F. 42596 42148 42142 43059 42610 42608
R? 0.241 0.386 0.386 0.0001 0.212 0.212

Notes:

Ext, = 1 if plant i is a client in periods s#t and 0 otherwise. Dummies include state, 4 digit SIC industry and year.
The models estimated are given in equations (3) and (4).

27



Table 3
Within Regressions

Dependent Variable Log(VA/L) Log(TEP)
Ext. 0.025™ 0.026 0.059° -0.003 0.002 0.016
(0.014) (0.020) (0.026) (0.007) (0.009) (0.013)
Log(K/L) 0.052" 0.179° 0.179°
(0.010) (0.009) (0.009)
Log(L) -0.185° -0.018" -0.018"
(0.012) (0.009) (0.009)
Dummies No Yes Yes No Yes Yes
Ext*Year No No Yes No No Yes
N 42600 42600 42600 43060 43060 43060
D.F. 36065 28821 28815 36225 29283 29277
R? 0.745 0.792 0.792 0.695 0.743 0.743

Notes: Ext, = 1 if plant i is a client in periods s#t and 0 otherwise. All variables are measured as deviations from plant
means (e.g., Xj = X - X;). Dummies are year and (state)*(4 digit SIC industry)*year. When dummies are included,

the estimation procedure first takes all time varying variable and subtracts the state*industry*year means and then
differences are computed.
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Table 4
One Year Difference Regressions

Dependent Variable Log(VA/L) Log(TEP)
Ext. -0.016 -0.021 0.006 -0.004 -0.009 -0.002
(0.020) (0.022) (0.070) (0.010) (0.011) (0.034)
Log(KI/L) -0.012 0.249° 0.249°
(0.019) (0.011) (0.011)
Log(L) 0.334° -0.027° -0.027°
(0.021) (0.010) (0.010)
Dummies No Yes Yes No Yes Yes
Ext*Year No No Yes No No Yes
N 33580 33435 33435 34081 34081 34081
D.F. 33576 27235 27230 34709 27883 27878
R? .023 0.031 0.031 0.00001 0.001 0.001

Notes: Ext, = 1 if plant i is a client in periods s#t and 0 otherwise. All variables are measured as one year differences (e.g., X, = X,
- Xi.1)- Dummies are year and (state)*(4 digit SIC industry)*year. When dummies are included, the estimation procedure
first takes all time varying variable and subtracts the state*industry*year means and then differences are computed.
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Table 5
Three Year Difference Regressions

Dependent Variable Log(VA/L) Log(TEP)
Ext. 0.028™ 0.028 0.037 0.0001 -0.001 0.0002
(0.017) (0.019) (0.039) (0.009) (0.010) (0.019)
Log(KI/L) 0.037" 0.171 0.171
(0.013) (0.010) (0.010)
Log(L) -0.199° -0.036" -0.036"
(0.016) (0.011) (0.011)
Dummies No Yes Yes No Yes Yes
Ext*Year No No Yes No No Yes
N 23084 23044 23044 23505 23505 23505
D.F. 23080 18826 18823 23503 19289 19286
R? 0.020 0.023 0.023 0.000 0.0002 0.0005

Notes: Ext, = 1 if plant i is a client in periods s#t and 0 otherwise. All variables are measured as three year differences (e.g., X, =
X;; - Xi.3)- Dummies are year and (state)*(4 digit SIC industry)*year. When dummies are included, the estimation procedure
first takes all time varying variable and subtracts the state*industry*year means and then differences are computed.
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Table 6
Growth Rate Regressions

Dependent Variable Log(VA/L) Log(TEP)
One Year Three Year One Year Three Year

Ext. 0.007 0.034 0.033" 0.057™ 0.001 0.019™ 0.001 0.018

(0.011) (0.023) (0.015) (0.029) (0.006) (0.011) (0.007) (0.014)
Log(KI/L) -0.013 0.249° 0.037 0.170°

(0.019) (0.010) (0.013) (0.010))
Log(L) -0.335° -0.027° -0.199° -0.037°

(0.016) (0.010) (0.016) (0.010)
Dummies No Yes No Yes No Yes Yes Yes
Ext*Year No Yes No Yes No Yes No Yes
N 33580 33435 23084 23044 34081 34081 23505 23505
D.F. 33576 27230 23080 18823 34079 27878 23503 19286
R? 0.023 0.031 0.021 0.023 0.000 0.001 0.000 0.0004

Notes: Ext, = 1 if plant i is a client in periods s#t and 0 otherwise. All variables are measured as either one or year differences, or
growth rates since all continuous variables are measured in logs (e.g., X, = X, - X;.,), with the exception of Ext which is not
differenced. Dummies are year and (state)*(4 digit SIC industry)*year. When dummies are included, the estimation

procedure first takes all time varying variables and subtracts the state*industry*year means and then differences are
computed.
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Table 7
Timing Regressions

Dependent Variable Log(TFP)
Ext. 0.048" 0.079° 0.004 0.018
(0.024) (0.030) (0.012) (0.015)
Two Years Prior 0.030 0.004 0.024 0.010 0.002 -0.001 0.002 0.004
(0.029) (0.078) (0.028) (0.079) (0.014) (0.040) (0.014) (0.040)
One Year Prior 0.034 0.025 0.027 0.031 0.003 -0.012 0.003 -0.007
(0.029) (0.078) (0.028) (0.078) (0.014) (0.039) (0.014) (0.040)
Active 0.032 0.098" 0.006 0.037™
(0.024) (0.046) (0.013) (0.021)
One Year Post 0.070" 0.084" 0.011 0.022
(0.030) (0.041) (0.015) (0.021)
Two Years Post 0.028 0.035 -0.016 -0.015
(0.039) (0.059) (0.019) (0.030)
Log(KI/L) 0.168" 0.168" 0.168" 0.168"
(0.009) (0.009) (0.009) (0.009)
Log(L) -0.034° -0.034" -0.034" -0.034"
(0.010) (0.010) (0.010) (0.010)
Ext*Year No Yes No Yes No Yes No Yes
N 42600 42600 42600 42600 43060 43060 43060 46060
D.F. 28819 28804 28817 28793 29281 29277 29279 29255
R? 0.792 0.792 0.792 0.792 0.743 0.744 0.743 0.744

Notes: Ext, = 1 if plant i is a client in periods s#t and 0 otherwise, (Two Years Prior), = 1 if plant i will be a client two years
from year t, (One Year Prior), = 1 if plant i will be a client one year from year t, (Active), = 1 if plant i is a client in year
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t, (One Year Post), = 1 if plant i was a client one year before year t, (Two years Post), = 1 if plant i was a client two
year before year t. All variables are measured as deviations from plant means (e.g., X, = X; - Xy). All regressions
include dummies for year and (state)*(4 digit SIC industry)*year. When dummies are included, the estimation
procedure first takes all varying variable and subtracts the state*industry*year means and then differences are
computed.
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Timing of Extension Services
815 Clients from Balanced Panel
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Client Characteristics
Before, During and After Extension
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Figure 4

Notes: Means are for all client plants relative to plant, industry, state and year means. Active
represents the year(s) in which client plants participate in the program, two years prior
is the year two years prior to participation and so on (see the notes after table 7 for
more details). The mean values for the characteristics given above are computed as
follows,

)T = NLEC X' (mean value for client plants shown in the figure)
rlE

where J = {two year prior, one prior, active, one year after, two years after}, C is the set
of and N, is the number of client plants, and

X"it = X'it - X

where

- 1
Xy =Xy - N—ZK)(j
k.JE K¢

where K, is set of all (client and nonclient) plants in plant i's state and four digit SIC
industry in year t.
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